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FIG. 6
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FIG. 8
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CONTROL APPARATUS FOR SELECTIVELY
CONTROLLING OUTPUT CURRENT AND
OUTPUT VOLTAGE OF ELECTRIC
GENERATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and incorporates herein by
reference Japanese Patent Application No. 2005-258693 filed
on Sep. 7, 2003.

BACKGROUND OF THE

INVENTION

1. Field of Application

The present invention relates to a control apparatus for an
clectric generator that 1s installed on a motor vehicle, for
charging a battery of the vehicle and supplying power to
clectrical loads of the vehicle.

2. Description of Related Art

The electric generator of a motor vehicle (often referred to
as the alternator of the vehicle) 1s a combination of an AC
generator that 1s driven from the vehicle engine, and a rectifier
apparatus, for producing a (unsmoothed) DC voltage which s
supplied to charge the vehicle battery and to drive various
clectrical loads of the vehicle such as lamps, etc. Charging of
the battery 1s performed such as to maintain the output voltage
from the battery within a predetermined range. Methods are
known for effecting this by controlling the level of output
voltage from the electric generator (in general, by varying the
level of field current of the generator) 1n accordance with the
charge voltage of the battery (1.e., the output voltage that 1s
produced by the battery when charging 1s halted, and whose
value varies with the state of charge of the battery) or in
accordance with the amount of power being consumed by the
clectrical loads of the vehicle, for example as described 1n
Japanese patent first publication No. 6-54464 and Japanese
patent first publication No. 2001-3527793, referred to in the
tollowing as reference document 1 and reference document 2,
respectively.

However with such a method of controlling the output
voltage of the electric generator, the efficiency of operation of
the electric generator may deteriorate as a result of variations
in the running condition of the vehicle, the engine operating
conditions, the state of charge of the battery and the degree of
deterioration of the battery, etc. For example during engine
idling, with the battery at a low level of charge, 1 the output
voltage of the electric generator 1s increased in order to main-
tain the charge voltage of the battery at a predetermined value,
then the operating elficiency of the electric generator will be
lowered. Similarly, with such methods of controlling only the
output voltage of the generator, 1t may not be possible to
achieve a sufliciently high efficiency of recovering the
dynamic energy of the vehicle motion during deceleration of
the vehicle, by converting that energy to electrical power
which 1s stored in the battery. Furthermore, since the electric
generator 1s driven from the vehicle engine, a lowering of the
operating elficiency of the generator will result 1n increased
tuel consumption.

FI1G. 7 1s amap diagram of an example of electric generator
elliciency characteristics for an engine-driven generator, 1n
which the output current of the generator and the engine
rotation speed are parameters. For example 1n the case of
generation corresponding to the point “A” 1 FIG. 7, for the
same value of engine rotation speed, 1f the output current of
the electric generator 1s increased for example to point “B”,
then the operating efliciency of the generator will be
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increased. Hence 1t can be understood that with methods of
clectric generator control which perform only control of the
output voltage of the generator, 1t cannot be ensured that
maximum operating eificiency for the generator can be
achieved.

Furthermore with a conventional type of vehicle generator
control system 1n which control 1s applied only to the genera-
tor output voltage, the system may attempt to maintain the
output voltage of the generator at a high level while the engine
1s 1dling (1.e., with the vehicle halted). This will result 1n
lowering the elliciency of operation of the electric generator,
while 1n addition, due to fluctuations 1n the level of output
current supplied from the generator, the amount of drive
torque that must be applied to the generator by the engine will
fluctuate accordingly. This causes 1rregularity of the engine
1dling speed (i.e., each increase 1n the level of drive torque
results 1n a lowering of the engine speed of rotation), and such
engine speed fluctuations during 1dling can impart an
unpleasant sensation to the vehicle driver.

SUMMARY OF THE INVENTION

It 1s an objective of the present mvention to overcome the
above problem, by providing a control apparatus for an elec-
tric generator of a vehicle whereby high efficiency of genera-
tion can be achieved, so that fuel economy for the vehicle can
be enhanced, while producing suificient power to charge the
vehicle battery and drive the electrical loads of the vehicle.

To achieve the above objectives, according to a first aspect
of the mvention, the control apparatus comprises voltage
control means for setting a target value of voltage and current
control means for setting a target value of current, and control
mode changeover means for selecting either a voltage control
mode of controlling the generator, 1n which the voltage con-
trol means maintains the generator output voltage at the target
value of voltage, or a current control mode 1n which the
current control means maintains the output current of the
clectric generator at the target current value.

Changeover between the voltage control mode and a cur-
rent control mode 1s performed 1n accordance with some
specific criteria, whereby becomes possible for example to
achieve improved efficiency of operation of the electric gen-
erator, and thereby achieve a reduction of fuel consumption
tfor the vehicle, while ensuring that the generated power level
and output voltage level of the electric generator are suificient
to satisty requirements for driving the electrical load that 1s
imposed on the generator by equipment of the vehicle, and for
supplying a charging current to the vehicle battery.

That 1s to say, 1t becomes possible to set a target value of
generator output current that 1s the minimum value necessary
for driving the electrical load of the vehicle under any specific
operating condition, e.g., during engine 1dling. High effi-
ciency ol operation of the electric generator, with a corre-
sponding improvement 1n fuel economy of the vehicle, can be
achieved while suppressing occurrence of the above-de-
scribed fluctuations in engine speed during 1dling which can
occur with conventional types of electric generator control
apparatus. The aforementioned unpleasant sensations during
engine 1dling can thereby be prevented from being imparted
to the vehicle driver.

In addition, 1t becomes possible to switch to the voltage
control mode during deceleration of the vehicle, with the
target value of output voltage of the electric generator being,
set at the maximum of an allowable range of values during the
deceleration. In that way, since an increased level of charging
current will be supplied to the battery during deceleration of
the vehicle, the energy of motion of the vehicle can be effi-
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ciently recycled, 1.e., can be converted to electrical energy
that becomes stored 1n the battery.

Alternatively, the control apparatus can be configured such
that the mode changeover means performs changeover
between the voltage control mode and the current control
mode 1n accordance with the level of charge of the battery.

This enables the discharge current supplied by the battery
to be reduced when appropriate, thereby helping to prevent
deterioration of the battery. Similarly, the voltage control
mode can be established when the battery voltage falls below
a predetermined range of values, to thereby maintain the
output voltage of the electric generator at a target value that 1s
suificiently high to effect rapid recharging of the battery. Thus
the battery voltage can be restored to a suitable level as
quickly as possible.

Alternatively, the control apparatus can be configured such
that the mode changeover means performs changeover
between the voltage control mode and the current control
mode 1 accordance with an ambient environmental condi-
tion, such as the external air temperature.

For example, when the ambient air temperature (e.g., as
indicated by the temperature of the engine coolant when the
engine 1s cold, with such temperature information being
available from a coolant temperature sensor) 1s judged to be
so low as to have an adverse effect upon engine starting, the
voltage control mode can be established, with the target value
of generator output voltage being set to a relatively high level,
to thereby ensure that the vehicle battery will have sutficient
stored energy to ensure reliability of engine starting, when
engine starting 1s next performed.

From another aspect of the invention, the electric generator
control apparatus can be adapted to receive failure diagnosis
data from a failure diagnosis system, and can be configured
such that the mode changeover means performs changeover
between the voltage control mode and the current control
mode 1n accordance with the diagnosis results. Thus for
example, when abnormal operation of a generator output
current sensor occurs, changeover can be performed to the
voltage control mode as the only generator control mode.
Control of the electric generator can thereby be continued,
irrespective of the sensor failure.

From another aspect of the invention, the electric generator
can be provided with autonomous control means for autono-
mously controlling the generator output voltage to a fixed
value. In that case, when failure diagnosis data are available
from a failure diagnosis system, the mode changeover means
can select either the voltage control mode, the current control
mode, or an autonomous control mode 1n which the autono-
mous control of the electric generator means autonomously
controls the generator output voltage, with the autonomous
control mode being selected when the failure diagnosis
results 1ndicate a serious failure of the electric generator
control system.

It can thus be ensured that when control of the electric
generator cannot be applied through either the current control
mode or the voltage control mode due to a serious failure of
the electric generator control system, at least the minimum
level of generator output power necessary for operating the
vehicle will continue to be produced, at an appropriate volt-
age level.

From another aspect of the invention, the electric generator
control apparatus can be adapted to communicate with a
control apparatus of the internal combustion engine (e.g.,
engine ECU), and to be capable of detecting a condition 1n
which the required level of output power from the generator
exceeds the maximum level of output current that can be
produced with the operating status of the engine at that time.
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When that condition 1s detected, the electric generator control
apparatus responds by transmitting to the engine control
apparatus a command for producing a change in the operating
status of the engine that will effect an 1increase 1n the maxi-
mum level of output current that can be generated, e.g., an
increase 1n the engine speed of rotation by a predetermined
percentage or amount.

In that way, irrespective of whether the voltage control
mode or the current control mode 1s established as the gen-
erator control mode, 1t can be ensured that the required level
of output can be supplied by the electric generator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a block diagram showing the general configura-
tion of a first embodiment of an electric generator control
system:

FIG. 2 1s a block diagram 1llustrating an example of con-
figuring a generator control ECU (electronic control unit) of
the first embodiment as a combination of two ECUSs;

FIG. 3 1s a block diagram 1llustrating an example of con-
figuring the generator control ECU of the first embodiment to
have a combination of two CPUs;

FIG. 4 15 a flow diagram of a generator main control routine
that 1s executed by the generator control ECU of the first
embodiment;

FIG. 5 1s a flow diagram of a current control routine that 1s
executed by the generator control ECU of the first embodi-
ment;

FIG. 6 1s a flow diagram of a voltage control routine that 1s
executed by the generator control ECU of the first embodi-
ment,

FIG. 7 1s a map diagram showing efficiency characteristics
ol an engine-driven electric generator, with generated output
power and engine speed of rotation as parameters; and

FIG. 8 1s a flow diagram of a generator main control routine
that 1s executed by the generator control ECU of a second
embodiment.

DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 shows the overall configuration of an embodiment
ol a control system for an electric generator of a vehicle. The
vehicle 1s provided with a battery 11, an electrical load 12
(e.g., consisting of lamps, etc.), and an electric generator 13
which 1s driven by the vehicle engine (1.e., internal combus-
tion engine, not shown in the drawings). Electrical power that
1s generated by the electric generator 13 1s supplied to the
clectrical load 12, and also supplied to charge the battery 11,
to maintain the battery voltage within an appropriate range.

The generator control ECU 14 controls the level of gener-
ated output power of the electric generator 13 by controlling
the field current of the generator. With this embodiment, the
control of the generator output 1s based on a voltage control
function (conceptually indicated as a voltage control section
15 1n FI1G. 7) which controls the output voltage of the electric
generator 13 and a current control function (conceptually
indicated as a current control section 16 in FIG. 7) which
controls the level of output current that 1s supplied by the
clectric generator 13, with the voltage control function and
current control function being each implemented by process-
ing that 1s executed by the generator control ECU 14 as
described hereinaftter.

As 1s well known 1n this area of technology, the electric
generator 13 incorporates a field current control circuit (not
shown 1n the drawings) for controlling the generator output
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voltage by performing repetitive on/oil switching of the field
current of the generator with a variable duty ratio. With this
embodiment, the duty ratio 1s set as a command value which
1s dertved by the generator control ECU 14 and supplied to the
clectric generator 12.

The command value of duty ratio 1s successively adjusted
in accordance with a deviation of the actual output voltage of
the electric generator 13 from a target output voltage or in
accordance with a deviation of the actual (imeasured) output
current of the electric generator 13 from a target output cur-
rent value, with the target values of voltage and current being,
derived by the generator control ECU 14.

Based on detected values of generator output voltage and
output current, battery current, battery voltage, load current
requirements, and information (1including the engine speed of
rotation, etc.) and control signals that are supplied from a
main ECU (electronic control unit) 17 which supervises the
overall operation of the vehicle engine, the generator control
ECU 14 mmplements a mode changeover function {for
changeover between a voltage control mode in which the
output voltage of the electric generator 13 i1s controlled to
attain the atorementioned target voltage value (dertved by the
voltage control section 15) and a current control mode in
which the output current of the electric generator 13 1s con-
trolled to attain the aforementioned target value of output
current (dertved by the current control section 16).

The control system further includes a current sensor 18
which detects the level of output current being supplied from
the output terminal 18 of the electric generator 13, a current
sensor 19 which detects the level of current flowing 1n the
electrical load 12, and a current sensor 20 which detects the
level of charge current that i1s flowing into the battery 11. The
current sensor 20 1s located 1n the current path between the
negative terminal of the battery 11 and the vehicle ground
potential (i.e., chassis potential). The detection signals pro-
duced by the current sensors 18 and 20 are mputted to the
generator control ECU 14. In addition, the output voltage
appearing at the positive terminal of the battery 11, the output
voltage of the electric generator 13, and the actual supply
voltage being applied to the electrical load 12, are also each
inputted to the generator control ECU 14.

FIG. 7 1s an example of an generator efficiency map dia-
gram, 1n which the output current of the electric generator 13
and the engine rotation speed are parameters.

The generator control ECU 14 may be configured as a
single ECU, having a single CPU (central processing unit) as
its main control circuit, or as shown in FIG. 2, can be config-
ured of two separate ECUSs, 1.e., ECU 14q, ECU 14b. In the
latter case, the ECU 14a performs the function of the voltage
control section 15 of FIG. 1, to designate a target value of
output voltage from the electric generator 13, while the ECU
145 performs the function of the current control section 16, to
designate a target value of output current from the electric
generator 13. This has the advantage that 11 one of the ECUs
14a, 14b should fail, control of the electric generator 13 can
be continued based on the other ECU, 1.e., a fail-sate effect 1s
provided.

Alternatively as shown in FIG. 3, a single ECU 14¢ can be
utilized, which incorporates two separate CPUs 144, 14e. In
that case, the CPU 14d performs the function of the voltage
control section 135 of FIG. 1, to designate a target value of
output voltage from the electric generator 13, while the CPU
14¢ pertforms the function of the current control section 16, to
designate a target value of output current from the electric
generator 13. This arrangement also provides a fail-safe capa-
bility, while having the advantage that the CPUs 144, 14e can
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utilize the same peripheral circuits in common, so that manu-
facturing costs can be reduced, by comparison with utilizing
separate ECUs as in FIG. 2.

The generator control ECU 14 repetitively executes pro-
cessing of the generator main control routine shown 1n FI1G. 4
to perform the mode changeover function, 1.€., to select either
operation in the aforementioned current control mode 1n
which the output current of the electric generator 13 1s held at
a target value that 1s specified by the current control section
16, or operation 1n the voltage control mode 1n which the
output voltage of the electric generator 13 1s held at a target
value that 1s specified by the voltage control section 15. With
this embodiment, the mode selection 1s performed 1n accor-
dance with whether or not the vehicle engine 1s currently 1n
the 1dling condition.

Specifically, the generator main control routine 1s executed
at fixed periodic intervals so long as the engine 1s running.
When the routine is started, then firstly 1n step 101 a decision
1s made as to whether the engine 1s 1n the i1dling condition.
This decision 1s made based on signals supplied from the
main ECU 17. If the engine 1s 1n the 1dling condition then
operation proceeds to step 102, 1n which control of the elec-
tric generator 13 1s changed to the current control mode and
the current control routine of FIG. 5 (described hereinatter) 1s
executed. If the engine 1s not found to be 1n the 1dling condi-
tion then operation proceeds to step 103, 1n which control of
the electric generator 13 1s changed to the voltage control
mode and the voltage control routine of FIG. 6 (described
hereinafter) 1s executed.

I1 the voltage control routine of FIG. 5 1s entered, as a result
of executing step 102 above, then firstly in step 201 the
demand value I1 of current required to drive the electrical
load 12 1s acquired, then 1n step 202 the rotation speed of the
engine at that point 1s acquired, from data supplied by the
main ECU 17. Operation then proceeds to step 203, to acquire
the maximum level of current 12 that can be produced by the
clectric generator 13 under the operating condition (in par-
ticular, engine speed of rotation) of the engine at that time.
This maximum level of current can for example be derived by
calculation, or read out from a stored table of relationships
between values of engine speed of rotation and maximum
levels of generator output current.

Operation then proceeds to step 204, to calculate the maxi-
mum value of current I3 that can be supplied as discharge
current from the battery 11, with the calculation being based
on the state of charge of the battery 11 at that time. Next, 1n
step 205, a decision 1s made as to whether the load demand
value of current I1 1s higher than the maximum total amount
of current (12+13) that can be supplied by the battery 11 and
the electric generator 13 at that time point, 1.¢., the maximum
total level of current that can be supplied to the electrical load
12 under the operating condition of the engine at that time.

If the demand value of current I1 1s higher than the maxi-
mum total amount of current (12+13), then it 1s judged that the
maximum level of generator output 1s insuificient 1n relation
to the load demand value I1. If that 1s found to be the case,
then operation proceeds to step 206, in which the target value
of current to be produced by the electric generator 13 1is
updated to become the aforementioned value 12 (1.e., the
maximum current that can be generated by the electric gen-
erator 13 under the present operating condition of the engine).

Operation then proceeds to step 207, in which the engine
operating condition 1s altered appropriately, 1.e., by increas-
ing the engine speed of rotation by a fixed percentage such as
1%, or by a fixed amount such as 0.1 V, to increase the
maximum current 12 that can be generated by the electric
generator 13.
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However 11 1t 1s found 1n step 205 that the required value of
load current I1 1s lower than the total current value (12+13),
then 1t 1s judged that 1t 1s possible for the electric generator 13
to generate suilicient current to meet the demand, under the
engine operating condition at that time. In that case, operation
proceeds to step 208, in which the target value of output
current to be produced by the electric generator 13 1s updated
to the value (I1-13), 1.e., the difference between the load
demand current and the maximum level of discharge current
available from the battery 11.

Following step 207 or step 208, 1n step 209, the level of
output current from the electric generator 14 (detected by the
sensor 18) 1s compared with the updated target value of cur-
rent that has been set 1n step 206 or 208. A command value of
the aforementioned duty ratio of on/oit switching of the gen-
erator field current 1s then increased or decreased by a fixed
amount, 1n accordance with the difference between the mea-
sured output current value and target value of generator out-
put current, and the resultant updated command value 1s sup-
plied to the electric generator 14, which executes on/oif
switching of the field current in accordance with that com-
mand value. Specifically, the duty ratio 1s increased 1t the
measured output current 1s below the target value, and 1s
decreased 11 the output current 1s equal to or greater than the
target value.

In that way, by successive executions of the routine of FIG.
5, an approprate target value of current 1s established during
engine 1dling, and the electric generator 14 1s controlled to
produce that target output current value.

As aresult, only the minimum necessary level of generator
output current 1s produced by the electric generator 13.

If the voltage control routine of F1G. 6 1s initiated as a result
of executing step 103 of the generator control routine of FIG.
4, then firstly 1n step 301 a target value of battery voltage V1
1s acquired, e.g., as a value stored beforechand 1n memory.
Next i step 302 the actual battery output voltage V2 1s
measured, then 1n step 303 the target value of voltage V1 and
the actual battery voltage V2 are compared. 11 V2 1s found to
be higher than V1 then operation proceeds to step 304 in
which the target value of output voltage to be produced from
the electric generator 13 1s reduced by a fixed amount or fixed
proportion. However 11 1t 1s found 1n step 303 that V1 1s equal
to or greater than V2 then operation proceeds to step 305, in
which the engine rotation speed at that time 1s obtained, from
data transmitted from the main ECU 17. Step 306 is then
executed, to obtain the maximum level of current 12 that can
be generated by the electric generator 13 under the engine
operating condition at that time.

Operation then proceeds to step 307, in which the output
current 14 being produced from the electric generator 13 at
that time 1s measured, then 1n step 308 the maximum output
value of generator current 12 1s compared with the measured
generated current value 14. I 14 1s less than 12, then 1t 1s
judged that 1t 1s possible to increase the generating efficiency
ol the electric generator 13 by increasing the generated output
current, and so operation proceeds to step 309 1n which the
target value of output voltage from the electric generator 13 1s
increased by a fixed amount or proportion, to obtain an
updated target value that will increase the electric power
generating efliciency.

Following step 309, in step 311, the level of output voltage
from the electric generator 14 1s compared with the updated
target value of output voltage that has been set 1n step 309.
The command value of the duty ratio of on/oif switching of
the generator field current 1s then increased or decreased by a
fixed amount, in accordance with the difterence between the
actual generated output voltage and the updated target value
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ol generator output voltage, and the resultant updated com-
mand value 1s supplied to the electric generator 14, which
executes on/off switching of the field current in accordance
with that command value. Specifically, the duty ratio 1s
increased 1f the actual generated output voltage 1s below the
target value, and 1s decreased i1 the actual generated output
voltage 1s equal to or greater than the target value.

In that way, by successive executions of the routine of FIG.
6, an appropriate target value of output voltage of the electric
generator 13, ensuring a high efficiency of electrical genera-
tion, 1s established during normal runming of the vehicle (1.e.,
when the engine speed of rotation 1s above 1dling speed) and
the electric generator 14 1s controlled to produce that target
output voltage.

Specifically (so long as a charging current 1s being supplied
to the battery 11) 1n order to maximize eificiency, the electric
generator 13 1s controlled to continuously operate 1n a con-
dition 1n which the generated output current 1s close to the
maximum level that can be generated under the current oper-
ating condition (1.¢., speed of rotation) of the engine.

Furthermore as described previously, i1 the output voltage
of the electric generator 13 were to be increased during engine
idling 1n order to maintain a fixed level of voltage, by opera-
tion in the voltage control mode, then the electric power
generating efliciency of the electric generator 13 would be
reduced and the level of torque required to drive the electric
generator 13 could increase. This can result 1n variations 1n
the engine speed of rotation, thereby producing an unpleasant
sensation 1n the vehicle driver.

However with the first embodiment described above, dur-
ing engine 1dling, control of the electric generator 13 1s
changed to the current control mode 1n which 1t 1s ensured as
far as possible that the electric generator 13 produces only the
minimum level of current necessary to drive the electrical
load 12. It1s found that as a result, in addition to increasing the
clectric power generating eificiency, variations in the engine
speed (due to varniations in the level of torque required to drive
the electric generator 13) during 1dling can be suppressed.
Hence the aforementioned unpleasant sensation for the
vehicle driver can be prevented.

Second Embodiment

A second embodiment of a control apparatus for an electric
generator of a vehicle will be described referring to the flow
diagram of FIG. 8. This embodiment differs from the first
embodiment 1n that the electric generator 13 1s provided with
an autonomous control function whereby the output voltage
of the electric generator 13 1s held at a fixed level by autono-
mous operation. Specifically, with autonomous control, the
output voltage of the electric generator 13 1s compared 1nter-
nally with a fixed reference value, and the atorementioned
duty ratio of controlling the generator field current 1s varied 1n
accordance with the comparison result.

The autonomous control function can be selected for use 1n
place of the above-described voltage control mode or current
control mode, as described 1n the following. In addition, the
second embodiment incorporates a failure diagnosis system
(not shown 1n the drawings) for detecting any interruption of
communication between the electric generator 13 and the
current control section 16, and for detecting abnormal opera-
tion of the generator control ECU 14.

In other respects, the configuration of the second embodi-
ment 1s 1dentical to that of the first embodiment described
above referring to FI1G. 1.

With the second embodiment, the generator main control
routine shown 1n the tlow diagram of FIG. 8 1s periodically
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executed at fixed intervals by the generator control ECU 14
while the vehicle engine 1s running, for performing
changeover between the current control mode, voltage con-
trol mode (respectively as described for the first embodiment)
and an autonomous control mode in which the electric gen- °
erator 13 applies the aforementioned autonomous control
tunction. Changeover between the current control mode, volt-
age control mode and autonomous control mode 1s performed
in accordance with diagnostics results obtained by the failure

: : 10
diagnosis system.

In the processing of FIG. 8, firstly in step 401 a decision 1s
made as to whether the battery 11 has become deteriorated
beyond a predetermined extent (e.g., as indicated by an exces-
stvely low level of battery voltage). IT 1t 1s judged that that he
battery 11 1s excessively deteriorated, then operation pro-
ceeds to step 405, in which the voltage control routine of FIG.
6 described above 1s executed and the control mode of the
clectric generator 13 1s switched to the voltage control mode.

15

However if it is judged in step 401 that the battery 11 isnot <Y

excessively deteriorated, then operation proceeds to 402 1n
which a decision 1s made as to whether an interruption of
communication between the current control section 16 and
the electric generator 13 has occurred. If 1t 1s judged that a
communication interruption has occurred, then operation
proceeds to step 405, 1n which the voltage control routine of
FIG. 6 1s executed and the control mode of the electric gen-
crator 13 1s switched to the voltage control mode. As a resullt,
the output voltage of the electric generator 13 1s controlled to
a specific target value that 1s derived by the processing of FIG.
6, as described above for the first embodiment.

25

30

However 11 it 1s judged 1n step 402 that there 1s no inter-
ruption of communication between the electric generator 13
and the current control section 16, then operation proceeds to
step 403 1n which a decision 1s made as to whether abnormal-
ity of operation of the generator control ECU 14 1s occurring.
I1 such abnormal operation 1s occurring, operation proceeds
to step 406 1n which the control mode of the electric generator
13 1s switched to the autonomous control mode described
above, so that the output voltage of the electric generator 13 1s
autonomously controlled to attain a fixed value.

35

40

If 1t 1s judged 1n step 403 that there 1s no abnormality of
operation of the generator control ECU 14, then operation 45
proceeds to step 404, 1n which the current control routine of
FIG. 5 1s executed, and the control mode of the electric
generator 13 1s set to the current control mode. The output
current of the electric generator 13 1s thereby controlled to a
specific target value, as described for the first embodiment.

50

It can thus be understood that with the second embodiment,
by performing changeover of the control mode of the electric
generator 13 between the voltage control mode, the current
control mode and the autonomous control mode, with the
mode changeover being performed in accordance with the
results produced by a failure diagnosis system, i1t can be
ensured that the generated output power of the electric gen-
erator 13 1s eflectively controlled, irrespective of whether the
battery 11 1s 1n a condition whereby 1ts output voltage 1s
tending to become excessively low, or a communication inter-
ruption occurs between the electric generator 13 and the
current control section 16, or abnormal operation of the gen-
erator control ECU 14 occurs.

It should be noted that the invention 1s not limited to the 65
above embodiments, and that various alternative embodi-
ments can be envisaged as described 1n the following.

55

60
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Alternative Embodiment 1

It would be equally possible for the control mode of the
clectric generator 13 to be switched between only the voltage
control mode and the current control mode, 1n accordance
with the results produced by a failure diagnosis system. For
example an embodiment could be configured whereby, 11 1t 1s
detected that there 1s abnormal operation of a sensor that
detects the output current level of the electric generator 13,
changeover to the voltage control mode would be performed.
In that way, effective control of the generated output of the
clectric generator 13 could be maintained irrespective of the
sensor failure.

Alternative Embodiment 2

It would be equally possible to configure an embodiment
which performs changeover between the voltage control
mode and the current control mode 1n accordance with the
running condition of the vehicle. For example, the embodi-
ment can be configured such that when the vehicle 1s decel-
crating, the control mode of the electric generator 13 1is
switched to the voltage control mode, established such that
the output voltage of the electric generator 13 1s held at the
upper limit of a specific range of values. In that way 1t
becomes possible to convert the energy of motion of the
vehicle, as the vehicle decelerates, into electrical energy that
becomes stored 1in the battery 11, so that energy recovery 1s
achieved.

Specifically, with this embodiment, the generator main
control routine of FIG. 4 for the first embodiment would be
modified by further including a judgement step for judging
whether the vehicle 1s decelerating (as indicated by data trans-
mitted from the main ECU 17). I1 the vehicle 1s found to be
decelerating, then the voltage control mode would be
selected, with a specific target value of battery voltage V1
being designated 1n step 301 of the voltage control routine of
FIG. §, 1.e., a target value that 1s suitably high.

Alternative Embodiment 3

It would be equally possible to configure an embodiment
which performs changeover between the voltage control
mode and the current control mode 1n accordance with the
degree of discharge of the battery 11. For example, such an
embodiment can be configured to assign priority to restoring
the battery voltage to an appropriate level, by ellecting
changeover to the voltage control mode 11 1t 1s detected that
the battery voltage 1s below the lower limit of an appropnate
range of voltage values. In that way, the charge voltage of the
battery can be restored to a suitable level as quickly as pos-

sible.

Alternative Embodiment 4

It would be equally possible to configure an embodiment
which performs changeover between the voltage control
mode and the current control mode 1n accordance with one or
more speciiic environmental conditions of the vehicle. For
example, such an embodiment can be supplied with informa-
tion that indicates the outside air temperature, when engine
starting 1s performed. This information can simply be the
engine coolant temperature, (1.e., information that is provided
from a sensor to the main ECU 17, and hence 1s available to
the generator control ECU 14). With this embodiment, when
it 1s judged that the external air temperature 1s below a pre-
determined threshold level (specifically, corresponding to a
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temperature value below which engine starting becomes dii-
ficult), then the electric generator control apparatus estab-
lishes the voltage control mode, with the target output voltage
ol the electric generator 13 being maintained at a high value
(1.e., by applying a suitably high value of target battery volt-
age V1 1n step 301 of FIG. 5).

In that way 1t can be ensured that the battery 11 will be
maintained at a high level of charge, so that on the next
occasion when the engine 1s to be started (i.e., from a cold
engine condition), suilicient energy will be available from the
battery to ensure that engine starting can be reliably achieved.

It should further be noted that 1t may be advantageous to
combine respective features ol the various embodiments
described above. For example, it would be possible to con-
figure the control system to function as described for the first
embodiment, so long as the external air temperature 1s judged
to be sulliciently high, and to apply the voltage control mode
with an appropriately high target value of generator output
voltage, as described for the fourth embodiment, if the tem-
perature 1s found to be below the aforementioned threshold
value.

Thus, various modifications and combinations of the above
embodiments could be envisaged, which fall within the scope
claimed for the mvention as set out 1n the appended claims.

What 1s claimed 1s:

1. An electric generator control apparatus, for controlling
an electric generator that 1s driven by an internal combustion
engine and that supplies a charging current to a battery,
wherein said electric generator control apparatus comprises:

voltage control means for setting a target voltage value and
for controlling an output voltage of said electric genera-
tor to maintain said target voltage value;

current control means for setting a target current value and
for controlling an output current of said electric genera-
tor to maintain said target current value; and

control mode changeover means for selectively establish-
ing a voltage control mode 1n which said output voltage
of said electric generator 1s controlled by said voltage
control means to maintain said target voltage value and

a current control mode 1n which said output current of

said electric generator 1s controlled by said current con-
trol means to maintain said target current value,

wherein said control mode changeover means performs
said changeover between said voltage control mode and
said current control mode 1n accordance with whether or
not deterioration of said battery exceeds a predeter-
mined extent.

2. An electric generator control apparatus, for controlling
an electric generator that 1s driven by an internal combustion
engine and that supplies a charging current to a battery,
wherein said electric generator control apparatus comprises:

voltage control means for setting a target voltage value and
for controlling an output voltage of said electric genera-
tor to maintain said target voltage value;

current control means for setting a target current value and
for controlling an output current of said electric genera-
tor to maintain said target current value; and

control mode changeover means for selectively establish-
ing a voltage control mode 1n which said output voltage
of said electric generator 1s controlled by said voltage
control means to maintain said target voltage value and
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a current control mode 1n which said output current of 65

said electric generator 1s controlled by said current con-
trol means to maintain said target current value, wherein
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said control mode changeover means performs said
changeover between said voltage control mode and said
current control mode 1n accordance with an ambient
environmental condition,

said ambient environmental condition 1s an external air

temperature,

said electric generator control apparatus 1s coupled to tem-

perature sensor means, for recerving data indicative of
said external air temperature, and comprises means for
judging said external air temperature, and

when said external air temperature 1s judged to be below a

predetermined threshold value, said control mode
changeover means establishes said voltage control
mode, and said voltage control means sets said target
voltage at a value that has been predetermined as corre-
sponding to a condition of the external air temperature
being below said threshold value.

3. An electric generator control apparatus, for controlling
an electric generator that 1s driven by an internal combustion
engine and that supplies a charging current to a battery,
wherein said electric generator control apparatus comprises:

voltage control means for setting a target voltage value and

for controlling an output voltage of said electric genera-
tor to maintain said target voltage value;

current control means for setting a target current value and

for controlling an output current of said electric genera-
tor to maintain said target current value; and
control mode changeover means for selectively establish-
ing a voltage control mode 1n which said output voltage
of said electric generator 1s controlled by said voltage
control means to maintain said target voltage value and
a current control mode 1n which said output current of
said electric generator 1s controlled by said current con-
trol means to maintain said target current value,

wherein said electric generator control apparatus 1is
coupled to recerve data indicative of diagnosis results
obtained by a failure diagnosis system, and wherein said
control mode changeover means performs said
changeover between said voltage control mode and said
current control mode 1n accordance with said diagnosis
results.

4. An electric generator control apparatus, for controlling
an electric generator that 1s driven by an internal combustion
engine and that supplies a charging current to a battery,
wherein said electric generator control apparatus comprises:

voltage control means for setting a target voltage value and

for controlling an output voltage of said electric genera-
tor to maintain said target voltage value;

current control means for setting a target current value and

for controlling an output current of said electric genera-
tor to maintain said target current value; and
control mode changeover means for selectively establish-
ing a voltage control mode 1n which said output voltage
of said electric generator 1s controlled by said voltage
control means to maintain said target voltage value and
a current control mode 1 which said output current of
said electric generator 1s controlled by said current con-
trol means to maintain said target current value, wherein

said electric generator control apparatus 1s coupled to
receive data indicative of diagnosis results obtained by a
failure diagnosis system,

said electric generator comprises autonomous control

means operable for autonomously controlling said out-
put voltage of said electric generator to a predetermined
fixed value, and

in response to predetermined diagnosis results being

obtained by said failure diagnosis system, said control
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mode changeover means establishes an autonomous
control mode 1n which said autonomous control means
autonomously controls said output voltage of said elec-
tric generator.

5. An electric generator control apparatus, for controlling
an electric generator that 1s driven by an internal combustion
engine and that supplies a charging current to a battery,

wherein said electric generator control apparatus comprises:

voltage control means for setting a target voltage value and
for controlling an output voltage of said electric genera-
tor to maintain said target voltage value;

current control means for setting a target current value and
for controlling an output current of said electric genera-
tor to maintain said target current value; and

control mode changeover means for selectively establish-
ing a voltage control mode 1n which said output voltage
of said electric generator 1s controlled by said voltage
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control means to maintain said target voltage value and
a current control mode 1 which said output current of
said electric generator 1s controlled by said current con-
trol means to maintain said target current value, wherein

said electric generator control apparatus 1s coupled for
communication with a control apparatus of said internal
combustion engine, and wherein said electric generator
control apparatus 1s adapted to:

detect a condition whereby a maximum level of output
clectrical power that can be produced by said electric
generator under a current operating status of said inter-
nal combustion engine does not attain a required level of
clectrical power, and when said condition 1s detected,

transmit to said control apparatus of said internal combus-
tion engine a command for producing a change 1n said
operating status of said internal combustion engine.
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